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Macroscopic and microscropic studies on the morphology of normal 
and cadmium-treated chick embryos from days 4 through 7 were observed. 
A comparative study of the effects of zinc and cadmium plus zinc has 
also been made. These studies revealed that cadmium causes hemorrhages 
in the limbbuds, cranial region, optic cups, liver and kidneys. Rupture 
of the visceral lining was also observed and, in most cases, was 
followed by the protrusion of edematous abdominal organs. 
The macroscopic damage to embryos exposed to zinc acetate was 
not as extensive when compared to the cadmium-exposed ones. Hemorrhaging 
was present only in the visceral area where rupture of the visceral 
lining was evident; however, the organs did not protrude as prominently 
as in cadmium-treated embryos. In the embryos injected with individual 
doses of cadmium and zinc at 60 min intervals, malformations were almost 
nonexistent. The only observation was a slight amount of hemorrhaging 
in the viscera. 
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Histologically, the layers (ependymal, mantle and marginal) 
surrounding the spinal cavity were extensively disrupted. Oftentimes 
unidentifiable material was noted within the spinal cavity. The 
hemorrhage noted macroscopically was also seen in sections of embryos. 
Histological examination of the zinc-injected and cadmium plus zinc- 
injected embryos showed a minute amount of hemorrhage in the visceral 
area. Data presented indicate that cadmium alone disrupts develop¬ 
mental processes. On the other hand, the addition of zinc prevents 
some of the symptoms of cadmium toxicity. 
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The element cadmium was first discovered by Strohmeyer in 1817. 
Its toxicity has been of interest to biologists for nearly a century. In 
recent years the presence of cadmium as an environmental contaminant 
has aroused concern because of its marked toxicity in man (Flick, 
Kraybill, and Dimitroff, 1971). Both acute and chronic forms of 
cadmium poisoning have been reported in man but the role of cadmium in 
human teratogenesis remains unresolved. 
Parizek and Zahor's (1956) report of the destructive effect of 
administering cadmium chloride in the rat has been followed by reports 
of similar effects of the compound on mice, goats, rhesus monkey, and 
rabbits. Zinc and cadmium are prime examples of metal competitors. 
For example, zinc will completely protect against the massive destruction 
of the testis caused by cadmium alone (Parizek, 1957). 
This investigation had as its objective to study the macroscopic 
and microscopic effects of cadmium, zinc and cadmium plus zinc on 
development in chick embryos. The observations reported here do not 
settle the question of the action of cadmium in development but they do 
support the contention that cadmium alone disrupts development while 
the addition of zinc prevents the toxicity of cadmium to some degree. 
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CHAPTER II 
REVIEW OF LITERATURE 
Heavy metals are widely distributed throughout the earth's crust 
and ocean. Traces of these metals can be detected in virtually all plant 
and animal organisms, and hence in our food (Somers, 1974). Many of 
these metals have no known functions in life processes; however, some 
metals play an important role in a wide variety of biological processes. 
Many specific plant, animal and human disease syndromes are due to the 
relative excess or deficiency of a single metal (Kirkpatrick and Coffin, 
1973). In man some of these syndromes may be the result of genetically 
determined abnormalities in metabolic events in which metals play an 
essential part, while others follow environmental exposure to metals 
from manufacturing, mining or other industrial uses, with subsequent 
toxic results. 
Over 90 cases have been reported on poisoning which resulted from 
a high concentration of cadmium fumes liberated during heating in welding 
or flanging of cadmium-plated metal (Smith, Smith and McCall, 1960). The 
initial site of deposition of cadmium was the lung into which the fume 
was inhaled. From this site the cadmium became widely distributed, with 
the metal accumulating predominantly in the liver and kidneys. Too, 
significant amounts were demonstrated in the bile and urine, indicative 
of slow excretion. 
Dipaolo and Kotin (1966) noted a relationship between oncogenesis 
and teratogenesis. This association is indicated by the growing list of 
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agents which produce both cancer and congenital disease in childhood. 
Many parallelisms exist between teratogenesis and carcinogenesis: 
(1) Somatic cell division is a prerequisite for both. (2) Of the number 
of compounds which have been bioassayed for both effects, the majority 
have produced malformations and cancer. (3) The same compound may have 
different effects, dependent upon the stage of development of the organism 
at the time of exposure. Thus, a compound found to be carcinogenic to 
mature cells might be teratogenic to immature embryonic cells. Some 
metals have long been known to be oncogenic. They have induced a wide 
variety of tumors, either as a result of experimental study in a wide 
variety of laboratory animals or accidental exposure and toxic accumula¬ 
tion in man (Ferm, 1974). 
Heath and Daniel (1964) found that two experimental carcinogens, 
metallic cadmium and metallic cobalt, when injected into rat muscle, 
have in common the ability to produce rhabdomyosarcomata from the muscle 
tissue itself, as well as fibrosarcomata from the associating connective 
tissue. In general the two series of cadmium-induced rhabdomyosarcomata 
showed a greater degree of differentiation than the corresponding 
cobalt-induced tumors. 
According to Berlin and Ullberg (1963), a single intravenous 
injection of cadmium chloride leaves the blood very soon after injection 
and accumulates rapidly in the liver, kidneys and mucous membranes of 
the intestinal tract. However, further investigations showed that both 
the incidence and variety of malformations caused by cadmium in rats 
depended a great deal on the particular stock of animals used. From a 
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comparison of the two stocks of Wistar rats (C and S) used in their 
study, there was considerable variation in teratogenic response among 
these animals. Certain characteristic malformations, especially 
diaphragmatic hernia, left forelimb reduction deformity, and anal 
atresia, found in the S stock/day-10 subgroup after cadmium chloride 
injection, were also noted in the comparable subgroup treated with 
cadmium sulfate. Such defects were rate or nonexistent in the S stock. 
The thin abdominal walls in these rats following interperitoneal 
cadmium were reminiscent of the deficient abdominal muscle syndrome in 
man. The association of abdominal wall deficiency with undescended testes 
and renal malformation in C stock rats resembled the association of 
abdominal wall deficiency with undescended testes and dilated urinary 
tract in human beings. At the same time, a thin abdominal wall with 
genitourinary malformations was not evident in the S stock (Barr, 1972, 
1973). 
Studies on the placental transfer of metals are meager, especially 
during the critical phases of development. Using radioautographic 
techniques, Berlin and Ullberg (1963) postulated that there was no placen¬ 
tal transfer of cadmium in the pregnant mouse although selective areas 
of the placenta appeared to concentrate it. Contrary to this hypothesis, 
studies utilizing this same isotope in pregnant golden hamsters 
revealed that radioactive cadmium crosses the placenta with ease during 
the early critical stages of organogenesis (Ferm elt al., 1969). Their 
studies, however, were supported by Parizek (1964), who compared the 
effects of low doses of cadmium in three groups of rats: pregnant 
females, nongravid females and females given salts within 3 days after 
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giving birth. In contrast to the good survival of nongravid rats, the 
injection of cadmium salts into gravid rats was followed by a high 
mortality (76%) within 1 to 4 days after injection. The first sign of 
illness in some of the injected gravid rats was the appearance of blood 
in the urine, within 6 hr of injection. On autopsy of rats dying within 
24 hr of injection, visceral venous congestion, intense pulmonary 
congestion, hemmorhagic edema and swollen kidneys with hemorrhaging in 
the renal medulla were observed. 
Upon administering cadmium sulfate into pregnant hamsters on day 8 
of gestation, Gamm and Ferm (1970) noted marked deleterious effects on 
the mesoderm of the embryos. As a result numerous malformations occurred, 
including unilateral and bilateral cleft lips and palates. This study 
was supported by the work of Ferm (1970) who noted the same malformations 
on the 8th day of gestation, while those treated later in gestation 
revealed primarily rib defects and limb-bud abnormalities. The embryonic 
resorption rate was higher during the early stages of embryogenesis and 
declined to control levels when the animals were treated later in 
gestation. 
The morphology of the bone marrow in cadmium intoxicated rabbits 
prompted an investigation of earlier reports which showed cadmium 
poisoning as not inhibiting hemoglobin synthesis in rabbits (Berlin, 
Fredricsson and Linge, 1961). To the contrary, some acceleration of 
synthesis was evident. Hypochronic anemia with microcytosis occurred in 
all rabbits injected with cadmium. Histologically, the ordinary pattern 
of the bone marrow was altered by cadmium; normal and even distribution 
6 
of myelopoietic and reticular cells between the fat cells was lost, and the 
stroma of the marrow was grossly changed. In the liver a frequent finding 
after cadmium poisoning was degeneration of the periportal regions of the 
lobules. Damage to the kidney was most apparent in the tubules, which 
showed pronounced eosinophilia and nuclear degeneration. Similar observa¬ 
tions were reported in rats by Pindborg and Plum (1946). 
Parizek (1962) was the first to report that cadmium salts, when 
injected subcutaneously into the rat, produced a rapid and selective 
destruction of the testis. This damage was so extensive in the testicular 
cells of rats that Cameron and Foster (1963) were prompted to investigate 
along similar lines in the rabbit. In reactive animals (rabbits), 
cadmium produced marked swelling and discoloration of the testis. The 
color, which was due to extravasation of blood into the interstitium, 
ranged from a light reddish hue appearing on the first day after the 
initial injection, to purple or a dark mahogany shade on the second and 
third days. In the rat the testis regressed to about half its normal 
size after 133 days (Parizek, 1962). Although there were no comparable 
long-term experimental animals in the investigation with rabbits, it 
would appear very likely, judging from the vast numbers of seminiferous 
cells which were destroyed by cadmium, that shrinkage also occurred after 
a certain period of time. 
Chiquoine (1963) noted that testicular necrosis following cadmium 
administration does not occur, however, in all vertebrates. Employing 
dosages as high as 1 mg CdC^/kg, no testicular necrosis was observed 
after intervals of one, two and three days in the grass frog, pigeon, 
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rooster, armadillo, or opossum. A light and electron microscopic study 
of the early changes which occurred in cadmium necrosis of the testis in 
mice was made in an effort to identify the site of action of cadmium 
(Chiquoine, 1964). The earliest changes detected by light microscopy 
consisted of an edema of the interstitial spaces, congestion of blood 
vessels, and an increased amount of granular precipitate in the connective 
tissue spaces. The fact that the earliest alterations were observed in 
blood vessels led this investigator to suggest that the site of action 
of cadmium in the production of testicular necrosis was upon the 
endothelium of the vascular bed. 
Kar and Das (1962) found that the administration of cadmium 
chloride directly into the rat testis caused acute and irreversible 
destruction of the germinal epithelium. The interstitial portion 
regenerated after an initial phase of atrophy. These effects were 
restricted to the treated testis only; the contralateral one remained 
unaffected. 
A trace metal which accumulates in a metabolic organ with age may 
be suspected of influencing the development of an age-linked disorder. 
Schroeder and Balassa (1961) observed that female rats on a cadmium-free 
diet exhibited fluctuating systolic hypertension when given cadmium in 
drinking water at subtoxic levels from the time of weaning up to 180-240 
days. Relatively small accumulations of cadmium in the kidney and liver 
were present, and hypertension was the only sign of toxicity. These 
experiments were designed to reproduce during the lifetime of the animals 
tissue concentrations similar to those found in human beings. It is 
interesting that the concentrations of cadmium in the kidneys of these 
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animals were considerably lower than those reported for man, who averages 
about 30 jug/g wet weight. By contrast, the rat kidneys appeared to 
accumulate only 1 fig/month. It is an intriguing possibility that renal 
cadmium in man might influence some metabolic function so as to act as 
an accessory agent in arterial hypertension. While the results of 
experiments on rats cannot be applied directly to human beings, these 
reports suggest that such an hypothesis should be explored. For cadmium 
is one cumulative trace metal with no apparent homeostatic controls. 
From a physiological point of view, Meek (1959) reported that 
cadmium is clearly related to zinc; that its administration might, there¬ 
fore, interfere with the action of zinc to some extent. As the testis 
contains comparatively large amounts of zinc (Mawson and Fischer, 1953) 
and also exhibits a high mitotic rate, this appeared to be the tissue in 
which any effects of cadmium on zinc metabolism might be most suitably 
observed. Such an hypothesis is supported by Gunn, Gould and Anderson 
(1961) who found that the simultaneous administration of zinc salt 
protects the testis morphologically from the toxic effects of cadmium 
for a period of about 8 weeks. Further support was offered in other 
areas by Ferm and Carpenter (1968). They found that the severe facial 
abnormalities induced in hamster embryos by cadmium may be prevented by 
the simultaneous administration of zinc. Zinc salts produced a mild 
teratogenic response. However, when zinc was administered at the same 
time as cadmium or even within 6 hr after cadmium, the teratogenic 
effect of cadmium was almost completely inhibited. 
CHAPTER III 
MATERIALS AND METHODS 
Fertile eggs of White Leghorn chickens were incubated in a humid 
atmosphere at 37 C. Prior to incubation the eggs were swabbed with 70% 
ethyl alcohol. Control and experimental series were established to 
demonstrate the effects of cadmium, zinc, and cadmium plus zinc on 
chicken embryo development. 
Cadmium Studies 
After 48 hr of incubation, 0.25 cc of 0.025 M cadmium chloride 
was injected into the air sac of each egg; the opening sealed with tape, 
and all eggs returned to the incubator. The controls were injected with 
0.25 cc of a 0.85% saline solution. A total of 210 control and 852 
experimental eggs was used. The eggs were reopened at various time 
intervals (4th, 5th, 6th, and 7th day of incubation) and embryos examined 
under a dissecting microscope. Photographs were taken of isolated whole 
experimental and control embryos at these various stages of development 
with the MP-3 Polaroid camera device and Kodak Ektagraph. 
For histological examination the embryos were fixed in 10% buffered 
formalin. In preparation for paraffin embedding the embryos were submerged 
in a series of increasing strength alcohol solutions and then in xylene. 
The infiltration procedure consisted of replacing xylene with a warm 
paraffin/xylene solution, soft paraffin and hard paraffin. The embryos 
were then placed in plastic embedding molds already filled with melted 
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hard paraffin, Rapid cooling was facilitated in ice water, Cross 
sections were made at 10 p. Sections were stained with Delafield^s 
hematoxylin and eosin-orange G (Rumason, 1967). Histological obser¬ 
vations were made and photographs of representative sections were taken 
using a Baush and Lomb Balplan photo-micrographic set-up. 
Zinc Studies 
Zinc acetate, 0.25 cc of 0.025 M, was injected in the same manner 
as cadmium into a 118 (48 hr) embryos. Controls (45) were injected with 
a 0.85% saline solution. Macroscopic and microscopic observations were 
made using previously given techniques. 
Cadmium-Zinc Studies 
Cadmium chloride, 0.12 cc of 0.025 M, plus zinc acetate, 0.12 cc 
of 0,025 M, was administered to 100 embryos 48 hr after incubation. 
The zinc solution was given first, and cadmium at a 60 min interval 
thereafter. Controls (52) were injected with a 0.85% saline solution. 
The eggs were reopened at various time intervals (4th, 5th, 6th, and 
7th day of incubation) and macroscopic and microscopic analyses were 
made. All sections were stained as indicated earlier. 
CHAPTER IV 
EXPERIMENTAL OBSERVATIONS 
The results obtained from exposing chick embryos to cadmium, 
zinc and cadmium plus zinc will be reported under preliminary studies, 
macroscopical and microscopical observations. 
Preliminary Studies 
In the initial experiments to determine teratogenic levels of 
cadmium chloride (CdC^), concentrations ranging from 1.0 M to 0.025 M 
were used. Tables 1 and 2 summarize the results of exposing embryos 
to various concentrations and dosages in order to arrive at that used 
in this study (0.25 cc of a 0.025 M CdC^) . 
Macroscopical Observations 
Chicken embryos incubated for 48 hr were injected in ovo with 
0.25 cc of cadmium chloride (CdC^) per egg and examined after further 
incubation (4-7 days). The survival rate of the experimental embryos 
was 66% (567/872) and that of controls was 64% (135/210). Macroscopic 
abnormalties among experimental embryos included visible hemorrhage, 
edema and ruptured visceral wall. The hemorrhage was present in one or 
more limb-buds, without any apparent preference for fore- or hind-buds 
and left or right side (Fig. 1). The hemorrhage also appeared along the 
periphery of the cranial lobes and optic cups (Figs. 2-4) as well as 
along the neck (Figs. 5-6). In some instances a generalized hemorrhagic 
condition predominated on one side of the embryo (Fig. 7). However, 
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24 hr 0.85% 0.5 cc 4-day 5(21%) 17(21%) 2(8%) None 
48 hr 0.85% 1.0 cc 5-day 4(22%) 10(56%) 4(22%) None 
48 hr 0.85% 0.5 cc 6-day 11(52%) 9(43%) 1(5%) None 
48 hr 0.85%a 0.25 ccb 6-day 18(65%) 4(14%) 6(21%) None 
48 hr 0.85% 0.25 cc 7-day 34(75%) 5(10%) 7(15%) None 
Concentration that was in all the following injections. 
^Dosage that was used in all the following injections. 
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24 hr 2.0 M 0.5 cc 4-day 5(20%) 19(73%) 2(7%) 30% 
24 hr 2.0 M 0.25 cc 4-day 12(60%) 7(35%) 1(5%) 33% 
24 hr 0.2 M 1.0 cc 5-day 4(27%) 5(34%) 6(39%) 28% 
24 hr 0.1 M 1.0 cc 5-day 3(22%) 7(60%) 2(18%) 75% 
24 hr 1.0 M 1.0 cc 5-day 4(31%) 6(46%) 3(23%) 50% 
24 hr 0.5 M 1.0 cc 5-day 3(21%) 6(43%) 5(36%) 100% 
48 hr 1.0 M 0.25 cc 6-day 11(50%) 10(45%) 1(5%) 40% 
48 hr 0.05 M 0.25 cc 6-day 26(51% 23(45%) 2(4%) 45% 
48 hr 0.025 M 0.5 cc 6-day 57(65%) 13(15%) 18(20%) 50% 
48 hr 0.025 Ma 0.25 cca 7-day 124(75%) 17(10%) 25(15%) 75% 
Concentration and dosage finally used in all subsequent injections. 
Fig. 1. Photograph of 7-day-old embryos: B-Cadmium-treated: 
Note hemorrhage (H) in fore- and hind-limb-buds 
(arrow), and protrusion of edematous visceral organs 
(V). A-Control embryo. 
Fig. 2. Photograph of 4-day-old embryos: A-Cadmium-treated 
showing hemorrhage along the periphery of the cranial 
lobes (arrow) and in visceral area (H). B-Control. 
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Fig. 3. Photograph of 4-day-old embryos: B-Cadmium-treated 
showing hemorrhage in the periphery of the cranial 
lobes, optic cup (arrow), and viscera (v). A-Control 
embryo. 
Fig. 4. Photograph of head portion of 4-day-old embryos: B- 
Cadmium-treated showing more detailed view of 
hemorrhage in periphery of optic cup (c). A-Control 
embryo. 
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Fig. 5. Photograph of 6-day-old embryos: A-Cadmium-treated 
showing hemorrhages along the neck (n). B-Control 
embryo. 
Fig. 6. Photograph of 6-day-old embryos: B-Cadmium-treated 
showing hemorrhage along the neck. Note distortion 
in the continuity of the inner portion of the optic 
cup (oc). A-Control embryo. 
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Fig. 7. Photograph of 5-day-old embryos: B-Cadmium-treated 
showing unilateral hemorrhagic condition along neck (n) 
and in viscera (v) predominated on one side. A-Control 
embryo. 
Fig. 8. Photograph of 6-day-old embryos: B-Cadmium-treated 
showing distortion in the internal portion of the 
optic cup (oc). A-Control embryo. 
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hemorrhagic was not the only macroscopical damage. The continuity of 
the inner portion of the optic cup was distorted (Figs. 7-8). Rupture 
of the visceral lining was another distinct observation in experimental 
embryos. In most cases following the rupture, visceral organs protruded 
and hemorrhaging was noted (Figs. 1 and 9). Table 3 summarizes the 
mortality rate and per cent of malformations resulting from exposure to 
the cadmium. 
The macroscopical damage to the embryos exposed to zinc acetate 
was not as extensive when compared to the cadmium-exposed ones. 
Hemorrhage was absent from the limb-buds, cranial lobes and optic cups; 
however, it was present in the visceral area. Rupture of the visceral 
lining was evident but the organs did not protrude as prominently as 
was the case in cadmium-treated embryos (Figs. 10-11). In some instances 
hemorrhage appeared in the neck region, and distortion in the continuity 
of the inner portion of the eye was also noted (Figs. 10 and 12). These 
observations are summarized in Table 4. 
In the embryos injected with individual dosages of cadmium and zinc 
at 60 min intervals, malformations were almost nonexistent. The only 
macroscopic observation was a slight amount of hemorrhaging in the 
viscera (Figs. 13-15). Table 5 summarizes the effect of exposing 
embryos to cadmium plus zinc. 
Light Microscopic Observations 
Four and five- day embryos are not as susceptible to cadmium as 
the 6- and 7-day ones. A histological examination of such embryos showed 
that the kidney and liver of the 4- and 5-day chick embryos did contain 
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48 hr 0.85% 0.25 cc 4-day 18(69%) 3(12%) 5(19%) None 
48 hr 0.85% 0.25 cc 5-day 17(68%) 4(16%) 4(16%) None 
48 hr 0.85% 0.25 cc 6-day 58(79%) 8(11%) 7(10%) None 
48 hr 0.85% 0.25 cc 7-day 59(68%) 11(13%) 16(19%) None 
Expérimentais CdCl2 
48 hr 0.025 M 0.25 cc 4-day 77(84%) 5(5%) 10(11%) 56% 
48 hr 0.025 M 0.25 cc 5-day 75(72%) 16(15%) 14(13%) 55% 
48 hr 0.025 M 0.25 cc 6-day 200(63%) 67(21%) 52(16%) 72% 
48 hr 0.025 M 0.25 cc 7-day 224(67%) 61(18%) 51(15%) 64% 
Fig. 9. Photograph of 6-day-old embryos: B-Cadmium-treated 
showing rupture of visceral lining and protrusion 
of abdominal organs (v). A-Control embryo. 
Fig. 10. Photograph of 7-day-old embryos: A-Zinc-treated 
showing slight protrusion of abdominal organs (v) 
and distortion in the continuity of the inner 
portion of the optic cup (c). Note absence of 
hemorrhage in cranial lobes, optic cup and limb- 
buds. B-Control embryos. 
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Fig. 11. Photograph of 6-day-old embryos: B-Cadmium-treated 
showing in cranial lobes, optic cup, neck and abdominal 
organs. C-Zinc-treated showing ruptured visceral 
lining and hemorrhage in abdominal organs (v). 
A-Control embryo. 
Fig. 12. Photograph of 4-day-old embryo: B-Zinc-treated 























48 hr 0.85% 0.25 cc 4-day 5(83%) 1(17%) 0(0%) None 
48 hr 0.85% 0.25 cc 5-day 7(70%) 2(20%) 1(10%) None 
48 hr 0.85% 0.25 cc 6-day 8(66%) 2(17%) 2(17%) None 
48 hr 0.85% 0.25 cc 7-day 11(64%) 2(12%) 4(25%) None 
Expérimentais ZnAca 
48 hr 0.025 M 0.25 cc 4-day 14(82%) 2(12%) 1(6%) 25% 
48 hr 0.025 M 0.25 cc 5-day 20(69%) 5(17%) 4(14%) 22% 
48 hr 0.025 M 0.25 cc 6-day 22(63%) 8(23%) 5(14%) 30% 
48 hr 0.025 M 0.25 cc 7-day 22(60%) 9(24%) 6(16%) 30% 
a 
This abbreviation will be used for Zinc Acetate. 
Fig. 13. Photograph of 4-day-old embryos: A-Cadmium plus 
zinc-treated showing only slight hemorrhage in 
viscera. B-Control embryo. 
Fig. 14. Photograph of 6-day-old embryos: B-Cadmium-treated 
showing protrusion of hemorrhagic abdominal 
organs (v) and distortion in the optic cup (c). 
C-Cadmium plus zinc-treated showing only slight 
hemorrhage in viscera. A-Control embryo. 
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Fig. 15. Photograph of 6-day-old embryos: B-Cadmium plus 
zinc-treated showing slight hemorrhage in viscera. 
A-Control embryo. 
Fig. 16. Cross section of 5-day cadmium-treated embryo 




Table 5. Effect of exposure of chicken embryos to 0.12 cc of CdCl2 plus 0.12 cc of ZnAc at various stages of development. 















48 hr 0.85% 0.25 cc 4-day 9(90%) 1(10%) 0(0%) None 
48 hr 0.85% 0.25 cc 5-day 8(80%) 2(20%) 0(0%) None 
48 hr 0.85% 0.25 cc 6-day 12(62%) 7(37%) 1(1%) None 
48 hr 0.85% 0.25 cc 7-day 7(58%) 5(41%) 0(0%) None 
Expérimentais Cd/Zn 
48 hr 0.025 Ma 0.12 cc 4-day 6(60%). 2(20%) 2(20%) 5% 
48 hr 0.025 M 0.12 cc 5-day 11(50%) 5(23%) 6(27%) 5% 
48 hr 0.025 M 0.12 cc 6-day 20(69%) 6(21%) 3(10%) 27% 
48 hr 0.025 M 0.12 cc 7-day 26(67%) 6(15%) 7(18%) 25% 
a 
Injections made at 60 min intervals. 
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ruptured blood vessels (Figs. 16-20). However, the amount of rupture and 
the degree of edema was not as extensive as that in the 6- and 7-day 
ones (Figs. 21-23). The visceral wall also showed hemorrhage where it 
separated from the visceral organs (Fig. 24). A characteristic feature 
was that the layers (ependymal, mantle and marginal) surrounding the 
spinal cavity were extensively disrupted. Oftentimes unidentifiable 
material was noted within this cavity (Figs. 25-29). The hemorrhage 
noted macroscopically in the limb-buds was also observable in histological 
sections (Figs. 30-31). The hemorrhagic area was usually filled with 
tightly packed blood cells and some necrotic mesoderm cells. 
Histological examination of the zinc-injected embryos showed a 
minute amount of hemorrhaging in the same organs studied in the cadmium- 
injected ones. When cadmium and zinc were injected at intervals, little 
or no damage was noted other than a small degree of hemorrhaging in 
the viscera (Figs. 32-33). 
Fig. 17. Higher magnification of 5-day cadmium-treated 
embryo showing tightly packed blood vessels 
among the kidney tubules (kt). 20X 
Cross section of 5-day-old control. Note 




Fig. 19. Cross section of 4-day-old cadmium-treated 
embryo showing hemorrhage and edematous 
condition of liver. 20X 
Fig. 20. Cross section of 4-day-old control. Note 
absence of ruptured blood vessels and 
swelling in liver. 20X 
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Fig. 21. Cross section of 7-day cadmium-treated embryo showing less 
pronounced unilateral hemorrhage and edema of kidney (k). 
Note contralateral kidney in Fig. 22. 10X 
Fig. 22. Cross section of 7-day cadmium-treated embryo showing uni¬ 
lateral hemorrhage and edematous côndition of kidney. Note 
the greater degree of hemorrhage and swelling in 7-day-old 
than that observed in 5-day-old. 10X 
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Fig. 23. Cross section of 7-day control. Note absence 
of ruptured blood vessels and swelling in 
kidney. 2OX 
Fig. 24. Cross section of 7-day cadmium-treated embryo 
showing hemorrhage in the visceral wall (vw) 
where it separated from the visceral organs. 
2 OX 
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Fig. 25. Cross section of 7-day cadmium-treated embryo 
showing distortion in the continuity of the 
layers (e) ependymal, (m) mantle and (mg) mar 
ginal surrounding the spinal cavity. 10X 
Fig. 26. Higher magnification of 7-day cadmium-treated 
embryo showing distortion in the continuity 
of the layers surrounding the spinal cavity. 2 OX 
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Fig. 27. Cross section of 7-day-old control. Note 
undisturbed arrangement of the layers 
surrounding the spinal cavity (arrows) . 
Fig. 28. Cross section of 7-day cadmium-treated 
embryo showing unidentifiable material 
within the spinal cavity (arrow). 20X 
2 OX 
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Fig. 29. Cross section of 7-day-old control. Note the 
absence of unidentifiable material from within 
the spinal cavity. 10X 
Fig. 30. Section of a limb-bud from a 7-day cadmium-treated 
embryo showing hemorrhage in the distal portion 
of the limb (arrow). 20X 
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Fig. 31. Section of a limb-bud from a 7-day control. Note 
absence of hemorrhage from distal portion of 
limb. 2OX 
Fig. 32. Cross section of 7-day-old zinc-treated embryo 
showing a minute amount of hemorrhage in the 
kidney. 2OX 
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Fig. 33. Cross section of 7-day-old zinc-treated embryo 
showing a minute amount of hemorrhage in the 
liver. 2OX 
Fig. 34. Cross section of 7-day-old cadmium plus zinc-treated 
embryo showing a minute amount of hemorrhage in the 




Earlier investigators have reported pronounced effects of cadmium 
on a number of body organs. The present results confirm their findings 
The degenerative changes of these organs are similar in nature and 
extent to those reported after intravenous injections of CdC^ (Berlin 
and Ullberg, 1963; Smith, Smith and McCall, 1960). Margoshes and 
Vallee (1957); Kagi and Vallee (1961) have reported the presence of 
substantial amounts of cadmium in the kidneys of various species, 
including those of man. The distribution of cadmium effects reported 
in our study bears out these expectations in that the kidneys of the 
chick embryos appeared to have the greatest amount of disrupted blood 
vessels. The right kidney was found to be edematous and showed tubular 
disruptions and extensive hemorrhaging. This unilateral effect is 
consistent with reports of Kar and Das (1962) on the testis. They 
reported that at a 10 mg dose, the left testis (rat) was edematous, 
locally inflamed and considerably increased in size. On the other hand 
the right one was normal macroscopically and histologically. 
Ferm and Carpenter (1968) suggested that the ontogeny of a 
particular malformation must be related to the site specificity of 
the teratogenic insult involved as well as the timing of that insult 
during organogenesis. They proposed that in the course of normal 
organogenesis, there are definite periods at which the treat of a 
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teratogenic stimulus would end. Thus, for example, in the true sense of 
the term teratogenic, it would not be possible for limb abnormalities 
to occur after administration of a teratogenic stimulus once the limb has 
properly formed. The current study relates somewhat to this concept in 
that the hemorrhaging noted in the limb-buds of 4-7-day-old chick embryos 
was not observable beyond this stage. 
In discussing the mechanism of cadmium necrosis, Parizek (1960) 
has considered two possibilities: (a) Primary circulatory failure which 
results in secondary destruction of the tubules, and (b) primary action 
in the epithelium resulting in tissue destruction and release of 
substances from necrotic cells. This corresponds to findings in our study 
which showed that the tubules of the kidney are greatly disrupted and 
the peritoneum of the visceral wall ruptured, allowing the protrusion of 
the visceral organs. 
Zinc had no overall effect alone; however, there was a significant 
zinc cadmium interaction. The mortality was significantly less in those 
receiving zinc and greater in those receiving cadmium. This indicates 
that in the absence of zinc, cadmium increased mortality but not in its 
presence. These data, then, make it possible to distinguish between two 
effects of cadmium. The degree of hemorrhaging and rupture is decreased 
by the addition of zinc, and is presumably due to the antagonism of cadmium 
and zinc. In studying the relationship of cadmium and zinc in hamsters, 
Ferm and Carpenter (1968) found that even at the higher dosage level, 
zinc produced a few gross malformations (approximately 6%). 
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Parizek (1957) proposed a theory that zinc and cadmium competively 
inhibit each other. He found that if he administered zinc in fairly 
high doses to his experimental rats before injecting them with cadmium, 
the animals were protected from the usual testicular damage. He, there¬ 
fore, suggested that there is a competitive inhibition between these two 
physiologically related elements which had not been known previously. 
The idea that there is a competitive inhibition between cadmium and zinc 
is supported by current findings because when zinc was administered 1 hr 
prior to cadmium injection, the degree of damage was decreased more than 
80%. 
What is the chemical explanation of the toxic effects of cadmium? 
Several attempts have been made to answer this question, and the first 
line of evidence points to its involvement with various enzymes which 
are said to be inhibited by this metal. This inhibition is due to a 
combination of cadmium with the -SH groups of the protein moiety of the 
enzymes, an effect which can be reversed by the addition of dithiols 
(Barron and Katnitsky, 1974; Simon, Potts and Gerad, 1947). Large 
numbers of enzymes contain -SH groups and although the evidence is not 
entirely conclusive, this relation is a factor in the cadmium situation. 
A review of cadmium toxicology emphasizes the increasing concern 
about the possible environmental hazards of this metal. Industrial 
exposure to cadmium may be a relatively common event. Smithies (1955) 
has described interesting changes in the structure of serum albumins 
which appear in the urine of chronically exposed industrial workers. 
Such proteins, known as mini albumins, are deficient in lysine and cystine 
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as compared to normal serum albumins. These major changes in protein 
structure following cadmium poisoning may also help to explain the 
teratogenic effect of this metal. 
Kagi and Vallee (1961) isolated a cadmium- and zinc-containing 
protein, metallothionein, from the equine renal cortex. Data presented 
in the human renal cortex. In both instances, the selective accumulation 
of cadmium serves as the primary means for the identification and isola¬ 
tion of a specific macromolecule of unknown biological function. The 
physical characteristics of the protein are consistent with their role 
in a wide range of biochemical and physiological mechanisms such as 
catalysis, transport, storage, and immune phenomena. Although mechanisms 
of cadmium toxicity have not been established, these reports do add 
substantial explanation concerning the teratogenic effects of this metal. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
1. Injections of cadmium chloride (CdC^), 0.25 cc of a 0.025 M, were 
given to an experimental series of 1-7-day-old chick embryos. 
2. The gross visible effects which followed were rupture of the 
visceral lining; distortion in the continuity of the inner portion 
of the optic cup; hemorrhaging in the limb-buds, cranial lobes, 
optic cups, neck region and viscera. The rupture of the visceral 
lining allowed the protrusion of the edematous abdominal organs. 
3. Injections of zinc acetate into the chick embryos were made using 
the same dosage and concentrations at the stages cited above. 
Hemorrhaging was absent from the limb-buds, cranial lobes and 
optic cups; however, it was present in the visceral area. Rupture 
of the visceral lining was evident but the organs did not protrude 
as prominently as was the case in cadmium-treated embryos. 
4. Cadmium chloride and zinc acetate were injected independently at 
60 min intervals, using 0.12 cc of a 0.025 M solution. Malforma¬ 
tions in these expérimentais were almost nonexistent. The only 
macroscopic observation was a slight amount of hemorrhaging in 
the viscera. 
5. Microscopical studies on cadmium-treated embryos showed that the 
amount of rupture and the degree of edema was not as extensive 
in the 4- and 5-day chick embryos as that in the 6- and 7-day ones. 
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The layers surrounding the spinal cavity were extensively disrupted 
while unidentifiable material was oftentimes noted within the 
spinal cavity. 
6. Histologically, zinc-injected embryos showed a minute amount of 
hemorrhaging, yet cadmium plus zinc injections produced little or 
no damage. 
7. It is apparent from these studies that cadmium and zinc causes 
malformations in chicken embryos, although cadmium was the more 
potent teratogen. The two ions may, in unison, protect an embryo 
from a teratogenic insult. Further investigations of these 
interactions will undoubtedly lead to a much better understanding 
than we now have of organogenesis in general, and of teratogenic 
mechanisms in particular. 
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